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(57)Abstract 

PURPOSE To provide a catalyst having satisfactory purification activity even in the condition of a low temp, of exhaust gas and 
excellent in durability, as well 

CONSTITUTION: The objective catalyst has palladium allowed to coexist with a mixture of a perovskite type multiple oxide with a heat 
resistant oxide so that palladium is present at a higher concn. on the perovskite type multiple oxide than that on the heat resistant 
oxide. When the catalyst is produced, an aq. palladium salt soln. of <pH4 or >pH10 is carried on the above- perovskite type multiple 
oxide by impregnation or adsorption, the oxide Is dried, calcined and dispersed in water together with the heat resistant oxide and the 
resulting slurry is dried and fired. 
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CLAIMS 
[Claim(s)] 



[Claim 1] It is the catalyst for emission gas purification characterized by for noble metals living together '"to the mixture of the 
perovskrte mold multiple oxide and the heat-resistant oxide which are shown by general formula Lii1-xAxM03 (the rare «arth jnetal 
except Ce and A are transition metals, and Ln is [ alkaline earth metal, or Ce and M ] all one sort or two sorts or more, and 0<x<1), 
and said noble metals existing on said perovskite mold multiple oxide rather than said heat-resistant oxide top at high concentration. 
[Claim 2] Said perovskite mold multiple oxide is a catalyst for emission gas purification according to claim 1 which has structure wnere 
the pert>vskite mold multiple oxide which dissolved noble metals was formed in the perimeter, by using as a nucleus the perovskite mow 
multiple oxide which does not contain noble metals. ^ , tt ^ u 

[Claim 3] The cataVst for emission gas purification according to claim 1 or 2 which the oxide of noble metals or noble metals is 
distributing in the state of a particle. . ^ ^ ^- ^ _l ^^^^^^^^^ 

[Claim 4] Noble metals are catalysts for emission gas purification according to claim 1. 2. or 3 which are one sort or two sorts or mora 
of metals chosen from the group which consists of Pd, Pt, Ru. Rh. and Ir. 

[Claim 5] Noble metals are catalysts for emission gas purification according to claim 4 which are Pd. . r a i e n 

[Claim 6] General formula Ln1-xAxM03 (the rare earth metal excluding [ Ln ] Ce. an alkaline earth metal 

M are transition metals) AO to one sort or two sorts or more, and \he perovskite mold multiple oxide shown by 0< x<1 The manufecture 
approach of the catalyst for emission gas purification characterized by drying and calcinating after it makes tiie noble-nnetals salt 
water solution prepared by four or less support by sinking in or adsorption. pH distributes water witii a heat-resistant oxide desiccation 
and after carrying out temporary quenching, and it considers as a slurry. r i i o a a 

[Claim 7] General formula Ln1-xAxM03 (alkaline earth metal, or Ce and M of tiie rare earth metal excluding I L^vJ Ce and A are 
transition metals) All to one sort or two sorts or more, and the perovskite mold multiple oxide ^wn by (K x<l Tlie "^^"J^^^"* 
approach of tiie catalyst for emission gas purification characterized by drying and calcinating after making tiie noble-metals salt water 
solution prepared so that pH might become larger than 10 support by sinking in or adsorption, distributing water with a heat-resistant 
oxide desiccation and after carrying out temporary quenching, and considering as a slurry. 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 

[il^JJtrial Application] This invention relates to the catalyst for emission gas purification which shows purification activity also on the 
conditions that the exhaust gas temperature at the time of an idling etc. is low. and its manufacture approach in tiie catalyst for 
exhaust gas purification exceflent in the purification capacity of a carbon monoxide (CO), a hydrocartwn (HC). and nitrogen oxide WO%), 
especially the ^soline engine for automobiles, eta 
[0002] 

[Description of the Prior Art] As a tiiree way component catalyst for exhaust gas purification, the precious metal cataVst which 
supported noble metals, such as Pt, Rh, and Pd. is put in practical use by alumina support, and it is widely used for it Moreover, 
utilization is expected as a cheap tiiree way component catalyst for exhaust gas purification witii which the multiple w"»^h has 
tile perovsldte type structure which consists of a rare eartii metal, an alkafine earth metal, and transition metals purifies CO. HC. and 
NOx (refer to JP 59-87046>\ and JP,60-82138.A). Although CO and tiie purification capacity of HC are excellent tiiis perovskite mold 
multiple oxide is a Httie inferior in tiie purification capacity of NOx, and tiiey are not enough to present practical use as a tiiree way 
component catalyst for automobile exhaust Then, in order to heighten tiie NOx purification capacity of a perovskite mold multiple oxide 
catalyst also making noble metals Bve together is proposed (refer to JP,t-168343,A). 
[0003] 

[Problem(s) to be Solved by tiie Invention] AWiough tiiese catalysts show tiie purification activity excellent in the conditions tiiat 
exhaust gas temperature like [ at the time of transit of an automobile ] is high, they do not show purification activity sufficient on ttie 
conditions tiiat the exhaust gas temperature at tiio time of an idUng etc. is low. A catalyst which shows sufficient purification activity 
also on the conditions that such exhaust gas temperature is low. wrth exhaust gas toughening of regulations is desired. In order to raise 
ttie thermal resistance of a perovskite mold multiple oxide catalyst rt can consider making a heat-resistant oxide Gve togetiier. When it 
is going to make palladium five togetiier as noble metals into tiie mixture of a perovskite moid multiple oxide and heatrresistant oxide, 
after infiltrating a palladium salt water solution into tiie mbrturo of oxide, it is possible to calcinate. When tiie specific surface area of a 
perovskite mold multiple oxide uses for example, tiie Seria system multiple oxide as a heat-resistant oxide to 5-50m2/g and a larga 
tiling being 100m2/g. tiie specific surface area is large Hke 10a-250m2/g. When a palladium saltwater solution is Infiltrated into tiie 
mixture of an oxide, tiie fine particles of each oxide are adsoriied in palladium witii tiia surface coverage mostiy proportional to specific 
surface area. That is. as for a heat-resistant oxide top. tiie noble metals for heightening NOx purification capacity are adsorbed by high 
concentration rather than a perovskite mold multiple oxide top. 

[0004] In order to raise the property of both low-temperature activity and endurance, as for noble metals, such as palladium, it is 
desirable for high concentration to be adsorbed by the perovskite mold multiple oxide top. This invention aims at offering the 
manufacture approach for the catalyst for emission gas purification excellent also In endurance while it shows purification activity 
sufficient also on the conditions that exhaust gas temperature is low. 
[0005] 

[Means for Solving tiie Problem] With the catalyst for emission gas purification of tiiis invention, noble metals live togetiier into tiie 
mixture of the perovskite mold multiple oxide and the heat-resistant oxide which are shown by general formula Ln1-xAxM03 (the rare 
eartii metal except Ce and A are transition metals, and Ln is [ alkaline earth metal, or Ce and M ] all one sort or two sorts or more, and 
0< x<l), and said noble metals exist on said perovskite mold multiple oxide rather than said heat-resistant oxide top at high 
concentration. In the desirable mode, the perovsldte mold multiple oxide is having stmcture where the perovskite mold multiple oxide 
which dissolved noble metals was fomied In the perimeter, by using as a nucleus tiie perovskite mold multiple oxide which does not 
contain noble metals. When noble metals exist superfluously, the noble metals which were not able to dissolve are distributed in the 
state of a particle as a metel or an oxide. Noble metals are one sort or two sorts or more of metals chosen fi^m the group which 
consists of Pd, Pt Ru, Rh, and Ir. and especially Pd raises low-temperature purification activity and NOx purification activity, and is 

desirable. j j u» u • 

[0006] Especially tiie class of heat-resistant oxide has tiie desirable multiple oxide which is not what is restricted and which is 
expressed witii tiie general formulas (CeZrLn) 02 (rare earth metal excluding [ Ln ] Ce). such as O (CeZrY)2. 0 (CeZri^)2. 0 (CeZrNd) 
2, etc. besides Ce02 and 0 (CeZr)2. Moreover, since two are excelled in the effectiveness that the direction of CeOO(CeZr) 2 raises 
hot purification activity and it excels in tiie effectiveness tiiat the direction of 02 raises hot purification activity further (CeZrt-n), it is 
more desirable. Moreover, tiie tiling (refer to JP,62-56322.A) containing at least one kind of metalfic oxide chosen firom tiie group which 
makes the second cerium of oxidation a subject for example, and becomes it fi^m aluminum. Si, Zr. Th. and a rare earth metel element 
may be used. i i j- 

[0007] In one mode of the manufacture approach of this invention, it is general formula Lnl-xAxM03 (the rare earth metal excluding 
[ Ln ] Ce, an alkaline eartii metal excluding [ A ] Sr. or Ce and M are transition metels). All are dried and calcinated after making it 



uipport by sinking in or adsorption, making one sort or two sorts or more, and the perovskite mold multiple oxide in which it is shown 

0< x<l distribute in water the noble-metals salt water solution with which pH was prepared by four or less with a heat-resistant 
Dxide desiccation and after carrying out temporary quenching, and considering as a slurry. When pH is prepared and manufactured or 
less to four, a perovskite mold multiple oxide turns into an oxide with which the perovskite mold multiple oxide which dissolved noble 
•netals enclosed the sun-oundings of it by using a perovskite mold multiple oxide as a nucleus, in the case of the manufacture approach 
which makes pH of a noble-metals salt water solution four or less As a water-soluble nobie-inetais salt chlorides, such as PdCI2. 
PtCl2. and RuCI3.3H20, Dinitro diamine salts of that a water solution indicates strong acid nature to be. such as nitrates, such as Pd 
(N03)2.Ru{N03)3.andRh(N03)3.Pd(N02)2(NH3)2.andPt(N02)2(NH3)2.etc.aredesira^^^^ , i i ^ 

[0008] In other modes of the manufacture approach of this invention, the perovskite mold multiple oxide shown by general formula Lnl - 
xAxM03 (A contains Sr in this case) is made to support the noble-metals salt water solution prepared so that pH might become larger m 
than 10 by sinking in or adsorption, and it dries and calcinates, after distributing water and considering as a slurry with the thermal- 
resistance oxide desiccation and after carrying out temporary quenching. In the case of the manufacture approach which makes pH of — 
a noble-metals salt water solution larger than 1 0 Tetrapod amine palladium dichloride Pd(NH3)4CI2 and tetra-amine palladium oxalate 
(NH3) (OH) Pd 4 [ whether it prepares and uses so that aqueous ammonia and an acid may be added in basic water solutions, such as 
2. and it may be set to pH>10. and 1 Nitrates, such as chlorides, such as PdCI2. PtCI2. and RuCI3.3H20. and Pd (N03)2, Ru (N03)3, Rh 
(N03)3. Or it prepares and uses so that aqueous ammonia may be added to aqueous adds, such as dinitro diamme salts, such as Pd 
(N02)2(NH3) 2 and Pt(N02)2(NH3) 2. and it may be set to pH>10. 
[0009] 

[Effect of the Invention] The catalyst of this invention shows the purification activity which was excellent to HQ. CO, and NOx also in 

the low conditions whose exhaust gas temperature at the time of an idling etc. is about 1 00-200 degrees 0. Moreover, while being able 

to use even an elevated temperature 900 degrees 0 or more including a heat-resistant oxide, it becomes a durable catalyst when noble 

metals effective in purification of NOx exist on a perovskite mold multiple oxide rather than the heat-resistant oxide top at high 

concentration. 

[0010] 

[Example] 

(Example 1 ) 

Procedure A : The preparation approach of manufacture approach perovskite mold multiple oxide (La0.8Ce0.2) (Go0.4Fe0.6) 03 powder 
of perovskite mold multiple oxide crystal powder is explained. 103.9g of lanthanum nitrates. 26.1 g of cerium nitrates. 34.9g of cobalt 
nitrates, and 0.3L of water sohitions which dssolved 72.7g of iron nitrate in pure water were prepared. Next. 0.51. of water solutions 
which dissolved 50g of sodium carbonates as a neutralization coprecipitater was prepared The neutralization coprecipitater was 
dropped at the previous water solution, and the coprecipitate was obtained The vacuum drying was carried out, after rinsing the 
coprecipitate enough and filtering it This was ground after baking in 3-hour atmospheric air at 600 degrees C, and it calcinated in 3- 
hour atmospheric air at 800 degrees C after that and ground further, and the powder of O(Co(La0.8Ce0.2)0.4Fe0.6) 3 was produced. 
[001 1] cerium oxide powder of a commercial high specific surface area [ oxide / which is used as a ifnanufiacture co-catalyst of a 
procedure B thermal-resistance oxide / heat-resistant ] : (Ce02 specific-surfece-area 170m2/g — ) 99.9X of purity and TREO(all rare 
earth oxides)1 1 1 .9g are prepared To this. 147.9g (contained 25.0% of the weight by Zr02 conversion in liquid density 1.51 and liquid) of 
oxy-zirconium-nitrate (Zr02 (N03)) water solutions. And 26-Og (contained 21.7% of the weight by 20Y3 conversion in liquid density 1.62 
and liquid) of nitric-acid yttrium (Y(N03) 3) water solutions was added, and it dried in lO-hour atmospheric air at 11 0 degrees C, having 
agitated well and mbcing. Then, baking was performed at 600 degrees C in atmospheric air for 3 hours, and about 150g of O(Ce0.65Zr 
0.30Y0.05)2 multiple oxides was obtained 
[0012] 

Procedure C : The palladium nitrate solution (Pd concentration 4.4wt%) 25 weight section and the pure-water 50 weight section were 
mixed so that it might become the 1.1 weight section by part for tiie content Pd of Pd to perovskite powder, and pH of liquid was 
prepared to 1.8. After adding the pure-^ater 20 weight section to the O(Go(La0.8Ce0.2)0.4Fe0.6) 3 perovskite mold multiple oxide 
powder 98.9 weight section manufactured in Procedure A and agitating enough, the above-mentioned Pd salt water solution 75 weight 
section adjusted to pH1.8 was infiltrated and it agitated enougK and held for 30 minutes at 40 degrees C. Then, after drying at 120 
degrees 0 for 12 hours and calcinating at 600 degrees C in air for 3 hours, continuing churning, the agate mortar ground and a 180- 
micrometer mesh was passed Pd added to the perovskite powder 98.9 weight section is equivalent to the 1.1 weight section by part 
for a metal. 

[001 3] Procedure D : Slurry coat (support) 

The heat-resistant oxide powder which manufactured Pd content perovskite powder obtained in Procedure A in 50 weight sections and 
Procedure B 50 weight sections. A ceria sol (solid content 10wt%) 50 weight sections (solid content 5 weight sections). And it mixed, 
while the 58.7 weight sections were added and the ball mill ground pure water for 12 hours so that total solids might become 50wt(s)% 
about a zirconia sol (solid content 30wt%) at the 3.3 weight sections (solid content 1 weight section), and the slurry was obtained After 
making the skiriy flow into a KOZE light honeycomb, the excessive slurry was blown off by airstream and homogeneity was coated. The 
honeycomb behind a slurry coat was dried at 1 20 degrees 0 for 1 2 hours, in air. it calcinated at 600 degrees 0 for 3 hours, and the 
honeycomb-like sample was obtained. ' 

[001 4] Procedure E : The same palladium nrtrate solution (Pd concentration 4.4wt%) 1 2.5 weight section as what was used for the re- 
addition pan of Pd in Procedure C was mixed with the pure-water 50 weight section, and pH of liquid was prepared to 1.8. After having 
immersed the honeycomb-like sample in this solution whole quantity, holding at 40 degrees 0 for 2 hours, making Pd adsort) and making 
it dry at 120 degrees C for 12 hours, in air. it calcinated at 600 degrees 0 for 3 hours, and the catalyst sample of an example 1 was 
obtained. 

[0015] The analysis result by EPMA (electron probe microanalyzer) of this catahfst sample is shown in the photograph of drawing j. 
With a photograph, an image is an image by the scanning electron microscope (SEM). a big black particle is a perovskite mold multiple 



oxide, and magnitude Is about 10 micrometers. A small white particle is a heat-resistant oxide particle, and magnitude is about 3 
micrometers. Rhine which crosses a center in a longitudihal direction is criteria Rhine which shows the location which performed line 
anaVsis, and the wave expresses Pd concentration on the analytical line. According to the result of this photograph. Pd concentration 
of the periphery section of a perovskite mold multiple oxide particle is high [ else ]. 

[0016] (Example 2) The pafladium nitrate solution used in the procedure E of an example 1 was changed into the tetra-ammine 
palladium nitrate (Pd concentration 4.6wt%). and the catalyst sample of an example 2 was obtained by actuation like the example 1 
except having added the aqueous ammonia 50 weight section and having set pH to 13.0. . /> r i i 

[001 7] (Example 3) The powder which added the amount which the palladium nitrata' solution used in the procedure C of an example 1 
was changed into the tetra-ammine palladium nitrate (Pd concentration 4.6wt%). and also is equivalent to the 1 .1 weight section m Pd 
to the perovskite mold multiple oxide powder 98.9 weight section by the same actuation as procedure A-C of an example 1 with a part 
for a metal was obtained. Then, the catalyst sample of an example 3 was obtained by the same actuation as an example 1 
[0018] (Example 4) Both changing into the tetra-ammine palladium nitrate (Pd concentration 4.6wtS6) the palladium nitrate soluton used 
in the palladium nitrate solution and Procedure E which were used in the procedure C of an example 1. . others obtained the catalyst 
sample of an example 4 like the example 1. ^ u u o o --m- 

[001 9] (Example 5) In the procedure C of an example 1 . 50 weight sections were measured so that it might become the 2.2 weight 
sections by part for Pd about a palladium nitrate solution, and the catalyst sample of an example 5 was obtained by the same actuation 
as an example 1 except having skipped Procedure E ^ ^ u \ ^ * n ^ 

[0020] (Example 6) In the procedure C of an example 1. the palladium nitrate solution was replaced with the tetra-ammine palladium 
nitrate (Pd concentration 4.6wt%X tiie 47.8 weight sections were measured so that rt might become the 22 weight sections by part for 
Pd. and the aqueous ammonia 50 weight section was added, it was referred to as pH=13.0. and the catalyst sample of an example 6 was 
obtained by the same actuation as an example 1 except having skipped Procedure E /. ^ «^ a /r* a iic a ex no 

[0021] (Example 7) Replacing with O(Co(U0.8SrO.2)0.4Fe0.6)3 powder perovskite mold multiple oxide (U0.8Ce0.2) (Co0.4Fe0.6} 03 
powder used in the example 4. others obtained the catalyst sample of an example 7 by the same actuation as example 4. 
[0022] (Example 8) Replacing with O(Co(U0.8Sr0.2)0.4Fe0.6)3 powder perovskite mold multiple oxide (La0.8Ce0.2) (Co0.4Fe0.B).O3 
powder used in the example 6. others obtained the catalyst sample of an example 8 by the same actuation as an example 6. 
[0023] (Example 9) Replacing with Ua8Ce0.2CoO3 powder perovskite mold multiple oxide (U0.8Ce0.2) (Co0.4Fe0.6) 03 powder used 
in the example 5. others obtained the catalyst sample of an example 9 by the same actuation as an example 5. 
[0024] (Example of a comparison) 20Pt-Rh/aluminum3 catalyst which is a catalyst for automobiles already put in practical use was 
made into the catah^st sample of the example of a comparison. The Pt-Rh content was the 0.43 weight section. The presentation of an 
example and the example of a comparison is shown in Table 1, and the measurement result of each catalytic activity is shown in Table 



2. 
[0025] 
(Table 1] 
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[0027] Measurement and the durabiBty tost of oatalytfe activity were perf^ 

Activity was measured for each sample supported by the measurement honeyoomlHiko (number of eels 400-/inch 2) cor^errte 
support (the diameter of 30mm. die length of 50mm) of catalytic activity by the following model gas. The inlet temperatoJre to a 
catalyst shows gas temperature, it carries out a temperature up from a room temperature, and makes purification temperatare 
temperature to which each of NO. CO. and HC (C3H6+C3H8) fell to 50% of initial concentration 50«. Moreover, nch gas and lean gas 
were sv«tched for every second, respectively. Space velocity (SV) of the gas stream which passes along a catalyst was made into 
30,000-/time amount 

Kas Lean gas CO 2.6 % 0.7 % HC (01 conversion concentration) 0.19« 0.19% H2 0.87X OitSX 002 8 « 8 % NO 0.17% 0 17X 02 0.65X 
1 .8 % H20 10% 10 X N2 Remainder Remainder [0029] The rich gas and lean gas of the durability test above were switched every 5 
seconds, it repeated at 900 degrees C for 30 minutes, the cycle of 30 mimites was repeated 15 times at 750 degrees 0. and ttio 
durability test was perfomied. Catalytic activity was measured by the aforementioned approach also after tiie durability testSTO 
purification temperature is low after durabirrty. and high in the example of a comparison to it so that cloariy from the result of Tawe ^ 
[ in / at each example / the first stege ] 
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DESCRIPTION OF DRAWINGS 



^£j?^?s" f *:rSS?]p^^ in which a metal presentation and palladium distribution of the catalyst of an example are 
shown. 
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*5fe|gBif^/xiaS*H5<r>^#-ct,+^4^{bffitt 

t. ■e®i!ji*tt%«itt-r*ci%@«i-r4«>©-c* 
5. 

[0005] 

[HH%)K9lt*fc»©#Sl *«e8<!!^^:^^bffltt 
!«m -ga^Ln.-.A.MO, {Ln»Ce=&^<f& 
±SI^. AttT^l-^'JdJS^ISXBCe. M«a»& 

1-c. (,»-rtifeiaxtt2afeLh. o<x<i)t?5^s 

nS'^o-?';;^*^ hatt^K{b«Jtli}?Sit4K{b^t©S 



(3) 

3 

miPd. Pt. Ru. RhRCfl r*»6&5gpJ:0a 

tftife 1 mm 2 amKo^Tft 0 . 4$(c ? a 

(00061 ttAjlttlS^t«90tm(:mK:iHIS3n%«>0 
•Ctti&l,*. F3*.K. C e 0,. (C e Z r ) O.Offi. 
(CeZrY)O,. (CeZrLa>0,. (CeZr 
Nd) O.ft^. H»S: (CeZrLn) O, (LnttC 
e 4ISi< SdJBifeB) -catoS nS^^K^bifeJliJff* 1/ 
*fc. CeO.JlOB (CeZr) 0,©*]»«a«: 
*jtf*8><fcffitt*iS**»S«:ftn, KK: (Ce Z r L 

tvci^hov. xfynfiUK tit, m^\ismtss=-^ 20 

'J-JAifeS^iU. -enKAl. Si. Zr. ThRtf 

a<!)^ffi{l^*^^/l:t>© (SK¥6 2-56322 

[0007] *»9?©SSji^<0-9SSTtt. -ffiKL 
n,..A>MO. (LnttC e«lii<%iJi&B. A»S 
r 7}Vij V±mMiXHtC e . Mttl^H-C. 

i>rnt>iax.«2ffi£Lh. o<x<i) r^^sns'^ 

Cl,. PtCl,. RuC l,-3H,0ai-©*{t«5. 
Pd(NO,),. Ru(NO,)j. Rh(NO,),<i:i-©liS 
tt. Pd(NO,).(NH,),. Pt(NO.).(NH,).fti' 4 

©j;>r:ha£;7 5>ttai\ *«if«*J!ia»tt*n^-rt.© 

(00081 *»W©!8i3?a©fl&©m-Ctt. -MS 
Ln,..A.MO, (C©«^. AttSr%^tt) -CtSS 
|iS-ia:/;^i!;-fhSa6K<t«!K:. pHa*10J:»):^ 

«fiW*. ftiaRJB*jgffl[©pH410J:»):«:*<-r* 
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4 

KP d (NH,), C 1 .^f^ h 57 5 V-'^^i^'I' A*Ka 
P d (NH,), (OH). ttir©J»i4*SiRK:r>4-7 
*^K4»lrat-CpH> 1 0«:ftSi:'>K:ilKl/-cffli,» 
S*, PdCl,. PlCl,. RuCl,-3H,0ftf 
©fern Pd(NO,),« Ru(NO,),. Rh(NO,), 
?cf©aBa. X»Pd(NO.).CNH,),. PtCN 
O. ), (N H,), ti mi>:^ h Oi?7 5 >att<!;®Kfi* 
igSK7>*-7**SaiIIl/-CpH> 1 0lCftSJ:5K 

0 [0 00 9] 

[»w©saia] *»?B©ftBStt7-^ ¥')>mtt^m 
HT^wsp 10 0^200 rmSfrm^K.hi.ix *> 

HC. CO. NOxlcitl/Xgnfc^bffitt^S^t. * 

fc. immsibm^A,vQ o o -ceoioita-efegffl 

[0010] 

[mm 
10 (mil) 
£jgA : -<.a-fyi.i}^ mvtmvc.<msiiSim>n 
mm 

Sfi^Kf t«JCL a, ., C e . )(C 0 , H 
Fe,..)0,«*OfS«»tt*SiWt«. IS»9>*> 
10 3.98. ilgKt';'>A26.1 g. igfi3^i;l'h3 
4.9k. fflKIK? 2 .7 g «»E*{Cjgj»L/M(«il?£0 . 

h •ji.s 0 g*siSb?!:*«SiSo .5 y 9 h^p^fflg 

Lft:. *filfta3Sli*3fe©*S««CjSm/, *ttBl4^ 

•t©a. 8 0 0'C-C3^^tf-Cftflt=fet7ft<.^ s% 
(L a . ., C e , ., )(C o , ., F e , ., )0, O© 

[00111 £SB : lti!!l1t»fb«9©SjS 

mmt bxm^*zmmmmtm<D^mmRo 

g<t-fe';':'A©5K(CeO,tt^ffiai 7 0mVg. ft 
fi9 9.9%/TREO <.±»±mnm ) 1 I 1 .9 
g^ffifil/. cnK:*+2/18K5?Jl'3-'?A(ZrO(N 
40 03).)*SSE (iBEtfcai .5 1. MtfKZr 0.ftSr2 
5 .0SJI%^**i5) 1 4 7 .9 g. SOTB»-f v by 
'?A(Y(NO,),)*»jS(j|HfcS1.8 2. mP(CY,0 
.SinxZl. 7aH%^*n4)26. Ogi&ttl^. 
J: < SBtl/TS^bftjiiie. 1 1 0 -cc 1 0 B$ra:*:a>li-c 
mkLtc, ■&©«. ^«r8ooicrt?3«rasiSE=£tf 

^l:^,>. (C e . .., Z r . ... Y. .,.)0,t8^it!B«« I 

5 0 gmc. 
[0012] 

#)ac : '^o:/;;^*'/ h«5fi^©Pd©SW 
50 Pd^-Cl. lSftSi!6cSJ:9tc««/<-5y'>Ajg« 
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5 

(PdjaS4. 4wt%) 2 5SSSI5<!:iffi*5 0SaSS 

gbfc(L a. .,C e, .,)CC o, .,F e. ..)0,'<n:^:^ 

bSffi^lttl©5K9 8. 9SSS158:«*2 OSa 

umfix+^mbm. pHi. BtcmvicLu 

0-C-C3 0^H^Uc. -ecDS. 

2 0-c-c 1 2i«Bfesii/. sm*-c6 0 o-c-csmm 

5* LTjSJBLfcP dtt^»-C 1 . 1 SMSKfi^-T 
i. 

C0013]$fflD : X7'J-3-h (fflJt) 

•by 7'/* (MB»1 Owt«) *5 omSffl (SJg^ 
"C«5Sfia) . SC^J^^l'^-T'/^W (U^^3 0wt 

»*»5 0wt«t«c*i5K:tt*%5 8. imsmiia 

2 0-(rC12^lffl$aSO. ^tpKTBOOXITSKia 
[0 014] #tBE : ?d<om^m 
(PdiSa4. 4wt9() 12. 5SS8S«ffi*50fi 

fiSiJ4igi&L'> movmi. BKmnhfc. cotm. 

^K/>i*Att1>->:^^V*)Sai/. 40-C-C2^S 3 
^b-C P d «m 1 2 0 X;t? 1 2 RffllEilS 
1i/ca. SStJK-C 8 0 0 "C-C 3 Rffl«lfliL-C^U6W 1 

(00151 C{0«!JIS*5R©EPMA (SR^^v^i^a 

^7. (SEM) (c<):^ft7$> 

Sttift 1 0 <imr*5. ei<whSfte^ttWJ^tt® 
ibifttl-T-T, :A:*S13:«3 itmrabS. «t»*4«^tc 

•c*D. ay&tt^*fie±'C©PdiftK**t)l/ri,>s. 

li^KDj1-a»©P di8ffi*H6{ctt'<XK< ttori,>5. 

[0016} ( jsteps 2 ) mvi lo^mE -cfflt^fciB 

(Pdifite4. 6wt96)«:IE*. 7>*-7*50S 
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gS|5!&ftlifCpH41 3. OtblcWHt. ^Wli 
^Sicatff (CJ: >)^0l2©ttiK^'&ff:^. 
[00171 (|?JSt«l3) llte{«l©#lfiCt?ffll.>^ffi 

(P diSa4 . 6 w t %) (C^ jtfcffitt. 1 ©* 
JIA~C i|Si«©»fEK-c. '^ca r/;^ * h Sfi^ffift 
W5K9 8. 9fiSa«:>*L-CPd4^»-Cl. IS 

«14|BlS©ftf¥KiO. ^«3®)!4fflttt»*Ste. 
[00181 (llt6W4 ) IIJt08 1 ©*)act?lt,>fcffi 

i%Kfh97VS>^^9S?'5A«»tt(Pdil 
K4. 6wt%) KSiL. lftt3:3IItWltl5«Kb-C^ 
tt9l4©ittj|S«^«^Au 

[00191 (se»W5 ) 5aK« 1 ©#i8CKtet>-c. 

llK''f^i;'>AS«%Pd^r2. 2Saa!i&5J:9 
JC5 0fi«»*i»b. *llE%Sl»fcJeWl3^Wl 

^i3i«©Mfc{f(cj:Q. mmomsm^m, 
[0 0 2 01 (nifiw 8 ) isifet^ iconic «:*}C»t:> 

(Pdiftfi4. 8wt?«)Kf^*. Pd»"C2. 259 

»ift5.j:^tc4 7. 8fiaffi%ftab. 7:/*-7* 

5 0SfiS*flI*.rpH=13. OiU #)iE«««,> 

[002 11 (Jitfe«7)^««l4-cfflc>ft:'<a:^;^* 
^ hSa^»{t«>(L a. ., C e , ., )CC o . F e , .,)0 
,»^%(L a. .. S f . .,)(C 0 . .,F e. ..)0.«^K:R 
A. ffit3t»WfS4iPai©«fPKJ:0*teW7©)!«Sa 

[0 02 21 («6P98) ja6W6t?fflUfc'^a:^;^* 
VSfi^S«k®(L a. .. C e . ..)CC o. F e , .,)0 
CL a , .. S r , ., )CC o , F e , ., )0,»*Kft 

mm. 

[0 02 3] (^099) ^W5-cm>fc-^a:/:^* 
-{ hSS^S[t!8S(L a. .. C e , ..)(C 6. .4 F e , ..)0 
,ia**La...Ce,.,CoO.I9^K:fU. ffitJSJSW 

5 tnm)m^<icx ©hmkwk*^*:. 

40 [0 0241 (ttiS0») SK^{tShri<>*@Sl*ffl 
)l!B8-C*5 P t -R h/A 1 . 0,8fiSt«:JtlSI«©*Bia 
^il/?t. Pt-Rh^Wfi«0. 4 3aft»-C*-9 

fc. siifi{^a!:^tfclJFii©iifi£*a 1 Kij^b. -tn^n© 

[00251 

[%n 




0026] 
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9 10 





tons 0%j»fl:&tt CC) 






CO 


HC 


NO 


CO 


HC 


NO 




13 8 


15 6 


16 5 


2 3 1 


2 3 6 


2 2 0 


mmm2 


1 3 1 


1 5 1 


15 1 


2 2 0 


2 2 6 


2 18 




ISO 


16 7 


16 9 


2 3 2 


2 3 7 


2 2 3 




14 1 


16 4 


17 0 


2 2 6 


2 3 3 


2 18 




13 8 


16 2 


15 2 


2 12 


2 2 4 


2 14 




13 2 


16 6 


16 8 


2 3 1 


2 4 0 


2 16 




13 4 


15 5 


14 8 


2 18 


2 3 1 


2 2 5 




13 0 


16 0 


15 5 


2 2 7 


2 4 1 


2 3 4 




12 9 


15 4 


13 7 


2 3 6 


2 4 6 


2 4 8 




1 9 3 


2 0 8 


19 8 


2 6 3 


2 7 6 


2 5 9 



ioo2 7]tmm<i>mmtmm»imT<oj:'>K. *no. co. hc (ch.+c.h.) oin^timm 

saiai^gimg tit, ')y^azt')~>ijxmMiiimfcm^ 

(•fe;HK4 0 0/inch') 3-y,7>fhii SiUc mm^'MZii :^mfO^S& (.SW) \i3i3 0 , 

» (ass 0mm. gS5 0mm) fcffl^anfc-en* 0 0 0/l^ffliL./t. 







CO 2.8 % 


0.7 % 


HCCCtftSififlt) 0.19% 


0.19% 


H, 0.87% 


0.23% 


CO, 8 % 


8 % 


NO 0.17% 


0.17% 


0, 0.65% 


1 .8 % 


H,0 .10 % 


10 % 







[0 0 2 9]^^ 50 i:iB©';7^3!/X<b»;'->itfX*5»»ce)Dft^r9 
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0 O-C-ca 0^, 7 5 0'Ct?3 0^-!>--< 1 50 * 0%^tiiS*5fi<. ttKWctjm*. 

siaiwrBi!i]»nc*$i»-ct)iiHika(c4isi,>r*. 5 * tuas^K-c**. 

[Hll 
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